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(54) COMPRESSOR AND REFRIGERATION SYSTEM 

(57) The present specification discloses a compres- 
sor characterized in that a nonpolar solvent is used as 
a working fluid and an insulation part of a rotating section 
is formed from a low dielectric constant plastic film hav- 
ing a specific dielectric constant of 1 .2 to 3.0. This com- 
pressor has been reduced in leakage current and im- 
proved in safety and reliability, and therefore can realize 
energy savings for devices such as a refrigerant system 
device. 



FIG.l 




Printed by Jouve, 75001 PARIS (FR) 



BNSDOCID: <EP. 



1225334 A 1_l_> 



1 



EP 1 225 334 A1 



2 



Description 

Technical Field 

[0001] The present invention relates to a compressor 
equipped with a rotator having an insulation part em- 
ploying a plastic film of a low dielectric constant. By us- 
ing a compressor of the present invention, particularly, 
for refrigerant system devices such as freezing, refrig- 
eration and air conditioning devices, each of which uti- 
lizes alternative refrigerants of chlorofluorocarbon re- 
frigerants, it is possible to achieve excellent insulating 
property and the energy serving effect thereof. 

Background Art 

[0002] In refrigerant system devices used for refriger- 
ation, freezing, air conditioning and the like, chlorine el- 
ement-free alternative refrigerants have begun to be 
employed as a working fluid in terms of the fact that the 
ozone layer destruction due to chlorofluorocarbon re- 
frigerants used as the working fluid contributes to the 
global environmental problem. As such alternative re- 
frigerants, for example, hydrofluorocarbon (HFC) type 
alternative chlorofluorocarbon refrigerants comprising 
hydrogen, fluorine and carbon are being used. 
[0003] Also, from the viewpoint of preventing the glo- 
bal warming, energy savings are desired for electric and 
electronic equipment, and energy-saving measures are 
being investigated forthe respective pieces of the equip- 
ment. In compressors used for refrigerant system devic- 
es, the inverter control system permitting the precise 
control of rotators is increasingly being employed in or- 
der to improve the operation efficiency. As a result, high 
frequency components in the leakage current are in- 
creased in the electrical insulation part, so that the en- 
ergy-saving efficiency is reduced by the increased leak- 
age current. In order to prevent this, it is desired to im- 
prove the insulating property of the insulating material. 
[0004] Among electrically insulating materials, plastic 
films have high insulating property, and thus are applied 
to electronic and electric equipment as those parts and 
members which are required to be reliable. For exam- 
ple, they are applied to: an insulating material for cov- 
ering a cable; a printed circuit board; and a slot insula- 
tion part of a rotator. Additionally, they are applied to 
electronic parts such as a film capacitor. In the case of 
the rotator, plastic films have been widely used for: a 
slot insulation part, which is a groove provided in an iron 
core for housing a field coil; a slot spacer; a wedge; an 
outer jacket and the like. Among such insulating plastic 
films, a polyester film such as polyethylene terephtha- 
late (PET) is being used as a general-purpose film in 
terms of its excellent insulating property, heat resist- 
ance, moldability, cost effectiveness and the like. 
[0005] Herein, Fig. 3 shows a schematic transverse 
sectional view of an iron core included in a rotator of a 
compressor, and Fig. 4 shows a schematic partial per- 



spective view of the iron core. As shown in Figs. 3 and 
4, an iron core 1 is provided with a plurality of slots 5. A 
coil will be wound around the slot 5. 
[0006] However, in these days of increasing numbers 

5 of pieces of equipment employing high frequency, high 
frequency components in the leakage current are in- 
creasing; therefore, a method is recently being sought 
after, by which the dielectric constant of the insulation 
part is decreased to lower the electrical capacity and 

10 thereby reducing the leakage current. For example, one 
method is available, by which the thickness of the insu- 
lation part is increased in order to lower the electrical 
capacity; however, the use of this method for the insu- 
lation of the slot reduces the utilization of an iron core 

15 slot, as a result of which the important characteristics of 
the rotator, such as the size, weight and efficiency, must 
be sacrificed. 

[0007] In order to solve this problem from the view- 
point of the insulating material, materials having a low 
20 dielectric constant may be selected. The specific dielec- 
tric constants of typical plastics are as follows: polyeth- 
ylene terephthalate (PET), which is an engineering plas- 
tic with excellent heat resistance, has a dielectric con- 
stant of about 3.1; polyimide (PI) has a dielectric con- 
25 stant of about 3.3; polyethylene (PE) with a low dielectric 
constant has a dielectric constant of about 2.3; and pol- 
ytetrafluoroethylene (PTFE) with the least dielectric 
constant has a dielectric constant of about 2.1 . 
[0008] In general, the dielectric constant of a material 
30 is determined by the molecular structure of the material 
and the dielectric constant depends upon the material, 
so that each material has its inherent dielectric constant. 
Accordingly, the bulk dielectric constant of plastic has 
its limit. In addition, it is necessary that other practical 
33 properties such as processability and heat resistance 
also be satisfied. For example, although a fluorocarbon 
resin such as PTFE, which is excellent in term of the low 
dielectric constant, has sufficient heat resistance, it has 
problems of high cost and poor moldability. Also, an ole- 
40 fin resin such as PE has a heat resistance temperature 
of up to around 1 00°C, and therefore does not have suf- 
ficient heat resistance to be applied to the rotator. 
[0009] Moreover, as a method for reducing high fre- 
quency components in the leakage current from the 
45 viewpoint of the material, a method which employs a po- 
rous polyester film as an electrical insulating material is 
disclosed in J P-A-9- 100363. This method forms a void 
inside the film to reduce the density of the film, thereby 
achieving an effect of reducing the dielectric constant. 
50 Then, the use of the low dielectric constant polyester 
film disclosed in JP-A-9-1 00363 as the electrical insu- 
lating material for the rotator produces an effect of re- 
ducing the leakage current. 

[0010] However, in the case where this rotator is in- 
55 stalled in a compressor used for a refrigerant system 
device orthe like, the working fluid such as a refrigerant 
should be taken into account when considering the ef- 
fect. Particularly, since the rotator is disposed in a work- 
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ing fluid in the case of a closed-type compressor the 
dielectric constant of the working fluid exerts an influ- 
ence on the effect unlike the case where the atmos- 
phere is air (having a specific dielectric constant of 1). 
For example, when an HFC type alternative chlorofiuor- 
ocarbon refrigerant is used as the refrigerant of this 
working fluid, the dielectric constant of the atmosphere 
in which the rotator is disposed is increased, since this 
refrigerant is polar. For this reason, even when the leak- 
age current is decreased owing to the rotator employing 
a low dielectric constant plastic film for the insulation 
part, this effect is reduced because the working fluid, 
unlike the air, causes an increase in an electrical capac- 
ity of the compressor as a whole. 
[001 1] Therefore, it is an object of the present inven- 
tion, for the purpose of realizing energy savings for a 
refrigerant system device and the like, to reduce the 
leakage current in a compressor used for the refrigerant 
system device thereby to improve the safety and relia- 
bility. 

Disclosure of Invention 

[001 2] The present invention relates to a compressor 
in which a nonpolar refrigerant is used as a working fluid 
and a low dielectric constant plastic film having a spe- 
cific dielectric constant of 1 .2 to 3.0 is used for an insu- 
lation part of a rotator. 

[001 3] The nonpolar refrigerant preferably contains a 
hydrocarbon compound as the main component, and an 
effect of reducing the leakage current is sufficiently ex- 
erted when it contains at least one of propane and isob- 
utane. The effect can also be sufficiently achieved when 
the nonpolar refrigerant is carbon dioxide. 
[0014] Further, the effect is sufficiently exerted when 
the working fluid contains a lubricating oil, and a nonpo- 
lar oil is used as the lubricating oil. A mineral oil is suit- 
able for use as the nonpolar oil. 

[0015] As the low dielectric constant plastic film, a pol- 
yester film having pores therein is preferably used. In 
this film, the pore volume ratio is preferably 10 to 95 
vol%. Further, in this film, the mean pore size of the 
pores is preferably 0.1 to 10 ujn. 

[0016] Additionally, as the low dielectric constant 
plastic film, a fluorocarbon resin film is also preferably 
used. 

[0017] Further, as the low dielectric constant plastic 
film, a laminated composite film comprising a base film 
having a low dielectric constant and an auxiliary film 
having a higher dielectric constant than the base film is 
also suitable for use. 

[0018] In particular, it is preferred that the low dielec- 
tric constant plastic film have a specific dielectric con- 
stant of 2.0 to 2.8. 

[0019] Furthermore, a suitable configuration for the 
insulation part of the rotator of the compressor is such 
that an insulation part for insulating a field coil and a slot 
is formed from the low dielectric constant plastic film, 
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particularly, in an iron core of the rotator. 
[0020] By applying a compressor having the above- 
described configuration to a refrigerant system device, 
the effect of reducing the leakage current of the device 
itself is sufficiently exerted. 

Brief Description of Drawings 
[0021] 

Fig. 1 is a schematic partial sectional view of an iron 
core containing a field coil in a rotator used for a 
compressor of the present invention. . 
Fig. 2 is an equivalent circuit diagram for an electri- 
cal leakage at a slot insulation part of a rotator used 
for a compressor of the present invention. 
Fig. 3 is a schematic transverse sectional view of 
an iron core in a rotator used for a compressor. 
Fig. 4 is a schematic partial perspective view of an 
iron core in a rotator used for a compressor. 

Best Mode for Carrying Out the Invention 



[0022] In the following, embodiments of the present 

25 invention are described. 

[0023] A common configuration of a compressor is 
described. A compressor comprises: a compression 
mechanism unit containing a working fluid which is a re- 
frigerant and having a compression chamber for com- 

3£> pressing the working fluid; a rotator; and a container for 
containing these components. Additionally, compres- 
sors can be divided into those of closed type and those 
of semi-closed type. 

[0024] As electrical insulation parts in the compres- 

35 sor, for example, there are: a slot insulation part for in- 
sulating a field coil and a slot within the slot in the iron 
core of the rotator; a coil insulation part for covering the 
field coil; and a sheet insulation part for covering the en- 
tire rotator. The electrical insulation of the compressor 

40 is performed with a material used for the insulation part 
of the rotator and the working fluid. The insulation part 
of the rotator is generally formed from resin such as a 
thermoplastic resin, whereas the working fluid compris- 
es a refrigerant and contains, as needed, a lubricating 

45 oil, additive and the like. 

[0025] The present invention reduces the leakage 
current due to the working fluid, in addition to reducing 
the leakage current at the insulation part of the rotator, 
thereby providing a high-performance compressor and 

50 a refrigerant system device using the same. It should be 
noted that, as the compression system for the compres- 
sor, any of various systems such as reciprocating, rota- 
ry, scroll and linear systems may be used. 
[0026] According to the present invention, it is possi- 

55 ble to reduce the leakage current from the field coil by 
employing a low dielectric constant plastic film having a 
specific dielectric constant of 1 .2 to 3.0 for the insulation 
part of the rotator in the compressor. As such low die- 
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lectric constant plastic film, a polyester film having pores 
therein, a fluorocarbon resin film, or a composite film 
obtained through lamination or the like is suitable tor 
use. 

[0027] Nevertheless, since the rotator in the compres- 
sor is under an atmosphere of the working fluid, in the 
case where the working fluid is a polar compound, the 
insulating property deteriorates with an increase in the 
dielectric constant of the rotator itself, thereby causing 
the current to leak easily. In the case where the film is 
used for the insulation part in the above-described man- 
ner, a gap or the like may occasionally be formed while 
the coil is being wound around the insulation part, and 
this gap may be filled with the polar working fluid, which 
may result in the creation of a polar atmosphere. In this 
case, even when the leakage current is suppressed with 
the low dielectric constant plastic film, it becomes likely 
that the current will leak in the gap and the effect of sup- 
pressing the leakage current may not be sufficiently 
achieved. 

[0028] Therefore, the compressor in accordance with 
the present invention uses a nonpolar compound as the 
main component of the working fluid which determines 
the atmosphere of the rotator, in addition to forming the 
insulation part of the rotator from a low dielectric con- 
stant film, thereby making it possible to effectively re- 
duce the leakage current as a whole. 
[0029] The working fluid that can be effectively used 
in the present invention preferably comprises a nonpolar 
compound as the main component and contains a non- 
polar solvent, for example, hydrocarbon compounds 
such as propane and isobutane, or carbon dioxide. It 
may also contain, as the working fluid, a refrigerant mix- 
ture comprising any of these compounds as the main 
component. When mixing them, the effect can be ob- 
tained by mixing the nonpolar refrigerants together, or 
adding a polar refrigerant such as hydrofluorocarbon. 
The "main component" as used herein generally refers 
to a component which constitutes not less than 50 wt% 
of the working fluid. 

[0030] Also, in the case where the lubricating oil is fur- 
ther added to the working fluid, the effect of the present 
invention can be achieved by using either one of a non- 
polar oil and a polar oil, because the working fluid com- 
prises a nonpolar refrigerant as the main component. 
However, a polar oil has viscosity and thus may be ac- 
cumulated in a gap in the insulation part of the rotator 
and, therefore it is preferable to use a lubricating oil com- 
prising a nonpolar oil as the main component. 
[0031] As such lubricating oil, any conventional one 
can be used, and the examples thereof include: nonpo- 
lar oils such as a mineral oil, poly-a-olefin oil, alkyl ben- 
zene oil and a mixture of these oils; and polar oils such 
as a polyol ester oil, polyvinylether oil, polyalkylene gly- 
col oil, polycarbonate oil and a mixture of these oils. Fur- 
ther, a mixture of a nonpolar oil and a polar oil may also 
be used. 

[0032] In a preferred mode of the compressor in ac- 
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cordancewith the present invention, a working fluid con- 
taining a refrigerant comprising a hydrocarbon com- 
pound and a mineral oil as a lubricating oil is used, and 
the slot insulation part of the iron core in the rotator is 
5 formed from a polyester film having a specific dielectric 
constant of 2.0 to 2.8. 

[0033] In another mode of the compressor, a working 
fluid containing: carbon dioxide as a refrigerant; and a 
mineral oil as a lubricating oil is used, and the slot insu- 
la lation part of the rotator is formed from a fluorocarbon 
resin film having a specific dielectric constant of 2.0 to 
2.8. 

[0034] Next, the effect of the insulation part of the ro- 
tator is described. 

15 [0035] The insulation part as used in the present in- 
vention refers to a film insulation part for insulating a 
field coil wound around the slot and the inner surface of 
the slot, in the slot of the iron core in the rotator. There- 
fore, in Fig. 1, it refers to an insulation part 4 covering 

20 the outside of the coil and insulating the gap between 
the coil and the inner surface of the slot, it should be 
noted that an insulation part 3 for covering the coil itself 
is usually composed of enamel or the like. Fig. 1 corre- 
sponds to the portion of Fig. 3 indicated by "A" and is a 

25 schematic partial sectional view of an iron core including 
a field coil in a rotator used for the compressor of the 
present invention, showing the configuration of the slot. 
[0036] By using a low dielectric constant plastic film 
having a specific dielectric constant of 1 2 to 3.0 as the 

30 material for forming this insulation part, it is possible to 
effectively reduce the leakage current. In order to obtain 
a practical film used for the slot insulation part in con- 
sideration of the moldability of the material, materials 
having a specific dielectric constant of 2.0 to 2.8 are 

35 preferably used. 

[0037] In response to the use of high frequency for 
electric and electronic equipment, a plastic material is 
generally required to have electrical properties such as 
a low dielectric constant, low dielectric loss tangent and 

^o high withstand voltage. These electrical properties are 
gaining greater importance, since the following relation 
is met for the insulating material used for electronic and 
electrical equipment. This will be explained by reference 
to Fig. 1 and Fig. 2, taking a slot insulation part of the 

45 rotator as an example. Herein, although the dielectric 
constant may disperse depending on the frequency, 
comparison may be made for the mean value of the di- 
electric constant at least in the frequency range of from 
60 Hz to 1 MHz. 

so [0038] In the case where a plastic film is used for an 
insulation part of an alternating current device, as rep- 
resented by the equation (1): 



a power loss M P| OS s n leaking at the insulation part is pro- 
portional to the product of a frequency T, specific die- 
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lectric constant "er" and dielectric loss tangent "tan 8". 
Therefore, the power loss increases with an increase in 
frequency. In orderto prevent this, it is necessary to low- 
er the specific dielectric constant and to decrease the 
dielectric loss tangent. Additionally, as is also applied to 5 
the following discussion, the dielectric constant and the • 
dielectric loss tangent has a dielectric dispersion which 
makes them to have different values depending on the 
frequency, and therefore it is also necessary that such 
variation be small within the operating frequency range. 10 
[0039] The insulation part of the rotator having a con- 
figuration as shown in Fig. 1 , which is similar to that of 
a common slot insulation part, is provided with a coil- 
covering insulation part 3 made of enamel or the like 
between a field coil 2, through which current flows, and is 
an iron core 1 , as well as a film insulation part 4 having 
an effect as a spacer. An equivalent circuit for a leakage 
of the alternating current between the field coil 2 and the 
iron core 1 is shown in Fig. 2. Herein, an impedance M Z" 
of the leakage current is represented by the equation 20 
(2): 

Z=Z 0 +Z 1 

=1/(G 0+ j(oC 0 )+1/(G 0 4-ja)C 0 ) 25 

[0040] Herein, j=V(-1), an angular frequency a*=27tf, 
and T is an alternating current frequency. Further, Zq, 
G 0 and C 0 are an impedance, conductance and capac- 30 
itance of the coil-covering insulation part, respectively, 
and Z 1t G t and C t are an impedance, conductance and 
capacitance of the film insulation part of the slot insula- 
tion part, respectively. A square value of the magnitude 
of this impedance Z is represented by the equation (3): 35 

IZI 2 ={G 0 /(G 0 2 +co 2 C 0 2 )+G 1 /(G l 2 +o) 2 C 1 2 )} 2 
+a> 2 .{C 0 /(G 0 2 +( o 2 C 0 2 )+C 1 /(G 1 2 +a> 2 C 1 2 )} 2 4Q 

[0041] In the equation (3), where a dielectric loss tan- 
gent of the film insulation part inside the slot "tan 5 1 sG 1 / 
coC," is smaller than 1, provided that the frequency is 
constant, i.e., 'V is constant, and the magnitude of the 45 
impedance Z is monotonously decreased with increas- 
es in dielectric constant e1 and capacitance C1 of the 
film insulation part. Therefore, since the relation 
"tanS<1" is generally met in the case of a plastic film, 
the impedance increases with a reduction in the dielec- so 
trie constant of the film and with an decrease in the di- 
electric loss tangent, whereby the leakage current is re- 
duced at the slot insulation part of the rotator. 
[0042] Also, it is known that an AC breakdown voltage 
"Em" of a plastic material is experimentally represented ss 
by the equation (4): 
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E bd= A+B * lo g(P v /(er-tan8)) 

and that a material having a lower specific dielectric con- 
stant and smaller dielectric loss tangent has a higher 
withstand voltage; accordingly, reducing the dielectric 
constant of the material resulting from high frequency 
will also improve the insulation property. It should be not- 
ed that, in the equation (4), A and B are constants and 
pv is a volume resistivity. 

[0043] As described above, selecting a low dielectric 
constant material as the insulation film used for the slot 
insulation part makes it possible to reduce the leakage 
current due to the use of higher-frequency equipment. 
However it is necessary to consider which material is 
preferable to be selected. In this regard, a dielectric con- 
stant of aplastic material is determined by the molecular 
structure of the material, and represented by the Clau- 
sius-Mossotti equation (5): 

er=(1+2a)/(1-a) 

[0044] Herein, in the equation (5), M a n satisfies M a=Pm/ 
Vm". Also, Tm" is a molar polarization, "Vm" is a molar 
volume, which are determined by the types of the re- 
spective functional groups, polarizability and symmetry 
of the molecule in the molecular structure of the plastic 
material. Accordingly, the dielectric constant of a mate- 
rial is determined as its inherent value. Herein, PTFE, 
which has only a C-F bond with small polarizability and 
is symmetric, has the smallest dielectric constant value 
among all plastic materials; however, the value is about 
2.1, and there is a lower limit in selecting the material. 
In addition to this, other characteristics such as heat re- 
sistance and moldability for the installation into the slot 
are required, so that simply replacing the material is not 
sufficient. 

[0045] Therefore, in the present invention, a polyester 
film having pores therein can be mainly used for a low 
dielectric constant plastic film as the insulation part of 
the rotator. Apart from polyester resins, polystyrene res- 
ins such as syndiotactic polystyrene and high impact 
polystyrene, polyamide resins such as Nylon 6 and Nvr 
Ion 66, polyimide resins, fluorocarbon resins, polyether 
imide, polycarbonate, polyphenylene oxide, polyphe- 
nylene sulfide and polytrif luorochloroethylene may also 
be used. In the present invention, conventionally used 
aromatic polyester resins having good moldabitfty are 
preferably used. 

[0046] For example, a polyester material, which has 
been conventionally used as the slot insulation part be- 
tween the iron core and field coil of the rotator, is select- 
ed and a polyester film having pores therein formed for 
reducing the dielectric constant of the insulation part is 
used to configure a rotator. In this configuration, a space 
which contains a gaseous content having an extremely 
smaller dielectric constant as compared with a solid con- 
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tent is present in the polyester film of the slot insulation 
part, so that the dielectric constant of the film becomes 
smaller than the bulk dielectric constant of the plastic. 
Such relation is approximately represented by the equa- 
tion (6): 5 

er(0=er(g)-Vg+ € r(b)(1+Vg) 

[0047] Herein, "er(f) w is a specific dielectric constant 10 
of the film formed in the present invention, M er(g) w is a 
specific dielectric constant of the gas in the space 
wherein a gas is present (in the case of air, 1) and M er 
(b)" is a specific dielectric constant of the bulk plastic 
material. Additionally, "Vg" is a volume ratio of the space 15 
wherein a gas is present with respect to the entire plas- 
tic, and it corresponds to a porosity in the case of a po- 
rous plastic. For example, in the case of PET, although 
the specific dielectric constant of the bulk is, in general, 
about 3.1, it is about 2.8 in the case of a PET film in 20 
which air bubbles having a pore size of about 20 urn are 
uniformly formed at 10 vol% as voids. With the use of 
such porous PET film for the slot insulation part, the 
leakage of an alternating current in the rotator can be 
reduced by about 1 0% by merely reducing the dielectric 25 
constant. 

[0048] As specific polyester resins, aromatic polyes- 
ter such as polyethylene terephthalate (PET), polypro- 
pylene terephthalate (PPT), polybutylene terephthalate 
(PBT), polyethylene naphthalate (PEN) or one obtained 30 
by forming a polyester film so as to contain therein 
pores, such as crosslinked polyester used for improving 
the heat resistance, may be used. 
[0049] In this film, the pore volume ratio is preferably 
10 to 95 vol%. When it is less than 10 vol%, the effect 35 
of suppressing the dielectric constant is reduced, or, 
when it is more than 95 vol%, the strength and molda- 
bility of the film itself are degraded. 
[0050] The pore size of the polyester film used in the 
present invention may be any given size as long as the *o 
dielectric constant resulting from the space can be re- 
duced. However, a suitable film thickness to be put into 
practical use is generally in the range of 0.1 \irr\ to 1 mm, 
preferably from 1 pm to 500 prn in terms of the molda- 
bility. Accordingly, in consideration of the effect of form- 45 
ing uniformly distributed pores or preventing the entry 
of the working fluid such as a refrigerant or a lubricating 
oil, a suitable mean pore size is not more than 50 prn, 
preferably 0.1 to 10 u.m. Although the pores may be in 
the form of either open cell in which pores are succes- so 
sively communicated or closed cells in which pores are 
present independently, the closed ceils are preferable 
for preventing the impregnation with liquid, the influence 
of humidity and the like. In the case of the closed cells, 
the closed-cell ratio is preferably not less than 80%. 55 
[0051] With regard to the method of producing a pol- 
yester film comprising pores therein, which is used in 
the present invention, one that has been produced by 



any one of various methods may be employed as long 
as the heat resistance, moldability, electrical properties 
are satisfied. In order to provide a porous structure ca- 
pable of yielding particularly suitable properties, com- 
mon foaming techniques employing a foaming agent, an 
orientation treatment and the like may be used. Exam- 
ples of a specific pore forming method are as follows. 

(1) A foaming method that involves molding a ther- 
moplastic resin composition containing a foaming 
agent into a film and then applying thereto energy 
such as heat. 

(2) A foaming method that involves swelling, with a 
foaming agent, a thermoplastic resin to be used as 
the starting material or a plastic film obtained there- 
from, and then vaporizing liquid in the form of film. 

(3) A foaming method that involves absorbing and 
dissolving a foaming gas into a plastic film to be 
used as the starting material, and then performing 
vaporization by releasing the pressure under re- 
duced or ordinary pressure, or by applying thermal 
energy. 

(4) A pore forming method that involves adding 
foaming nucleuses in a thermoplastic resin to be 
used as the starting material, and performing an ori- 
entation treatment, such as drawing, on the mixture 
during molding or after molding it into a film. 

[0052] Apart from these methods, other various meth- 
ods are available, including: a method that involves me- 
chanically mixing a gas into plastic; and a method that 
involves mixing another pore forming material into plas- 
tic and removing the material with a solvent. Additional- 
ly, as the foaming gas used during foaming, water, or- 
ganic compound of low-boiling point or the like may be 
used, and an inert gas such as helium, argon or xenon 
or a gas such as nitrogen, oxygen, air or carbon dioxide 
may also be used. Particularly, carbon dioxide is prefer- 
able, because it has no reactivity with plastic as well as 
having high permeability thereto and thus can readily 
permeate through plastic in a highly pressurized liquid 
state and can be sufficiently dissolved therein in a su- 
percritical fluid state, and it is suitable because it can be 
absorbed in a relatively large amount and thus the foam- 
ing can be easily controlled even in the state of ordinary 
temperature and pressure. 

[0053] Moreover, in the present invention, a fluorocar- 
bon resin film may be mainly used for the low dielectric 
constant plastic film as the insulation part of the rotator. 
A flubrocarbon resin exhibits a low dielectric constant 
because its molecular structure includes a C-F bond as 
a bond with small polarizability. 

[0054] As a specific fluorocarbon resin, it is possible 
to use any of commercially available general-purpose 
resins containing fluorine, for example: polytetrafluor- 
oethylene (PTFE), which is a homopolymer of tetrafluor- 
oethylene (TFE); a polytetrafluoroethylene-perfluoro- 
alkylvinyl copolymer (PFA), which is a copolymer of TFE 
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and perfluoroalkylvinylether; a polytetrafluoroethylene- 
polyhexafluoropropylene copolymer (FEP), which is a 
copolymer of TFE and hexafluoropropylene; a poly- 
tetrafluoroethylene-ethyiene copolymer (ETFE), which 
is an alternating copolymer of TFE and ethylene; poly- 
chlorotrifluoroethylene (PCTFE), which is a homopoly- 
mer of trifluorochloroethylene; polyvinylidene fluoride, 
which is a homopolymer of vinylidene fluoride (PVDF); 
a polytrifluoroethylene-ethylene copolymer (ECTFE); 
polyvinyl fluoride (PVF); and a cyclized polymer of per- 
fluoroalkenylvinylether (CYTOP manufactured by Asahi 
Glass Co., Ltd.) 

[0055] A f luorocarbon resin may be used singly for the 
insulation part, or may be combined with other resins. 
For example, there are methods of using, as a base film, 
polyester, which has conventionally been used for the 
slot insulation part for the iron core and field coil of the 
rotator and combining a polyester resin and a f luorocar- 
bon resin: for example, a method that involves laminat- 
ing a polyester film and a f luorocarbon resin film; and a 
method that involves dispersing a fluorocarbon resin in 
a polyester film. 

[0056] The dielectric constant of a composite film ob- 
tained by laminating a polyester film and a fluorocarbon 
resin film is reduced by the fluorocarbon resin having a 
dielectric constant lower than that of polyester, and is 
represented by the equation (7) 

ef= e (F) - e (E)-(dF+dE) 
/( e(F).dE+e(E).dF) 

[0057] Herein, "ef H is a dielectric constant of a multi- 
layered composite film formed in the present invention, 
comprising a fluorocarbon resin and a polyester film, "e 
(F) B and w dF" are a dielectric constant of the fluorocar- 
bon resin and the total thickness of the multilayered 
composite film, respectively, and "e(E) M and "dE" are a 
dielectric constant of the polyester resin and the total 
thickness of the multilayered composite film. With the 
use of this composite film obtained by lamination, a 
fluorocarbon resin, which has not conventionally pos- 
sessed a degree of moldability required during the in- 
sertion of the film into the slot insulation part despite of 
its relatively low dielectric constant, is able to be provid- 
ed with a degree of moldability similar to that of the pol- 
yester film and thereby forming the slot insulation part. 
[0058] Particularly, an excellent effect is produced by 
either sandwiching a fluorocarbon resin film by polyester 
films or laminating the both in an alternating manner. In 
addition, the laminating the both yields a further stable 
moldability. In order to form a composite film, a plurality 
of films may be laminated to yield a multilayered struc- 
ture. As the method for tightly attaching the both, they 
may be laminated via a heat-resistant adhesion layer, 
or may be laminated while applying heat thereto, as in 
a heat extrusion. 
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[0059] In general, a film thickness applicable to prac- 
tical use is in the range of about 0.1 u.m to 1 mm. How- 
ever, the total thickness for use is preferably from 100 
u,m to 500 p.m. In order to achieve moldability after the 
lamination, the suitable range is from 1 u.m to 100 u.m 
for a fluorocarbon resin film, and the thickness of a pol- 
yester film is adjusted, for example, for adjusting the to- 
tal thickness, providing moldability and obtaining a de- 
sired dielectric constant. 

[0060] Further, the dielectric constant of a composite 
film, obtained by dispersing a fluorocarbon resin in a pol- 
yester film, is reduced by the fluorocarbon resin. In this 
structure : since there is present a fluorocarbon resin 
portion having a low dielectric constant in the polyester 
film of the slot insulation part, the dielectric constant of 
the film as a whole is reduced to lower than the bulk 
dielectric constant of the polyester film alone. This rela- 
tion is approximately represented by the equation (8): 

ef=e(F)A/F+e(E)-(1WF) 



[0061] Herein, "ef" is a dielectric constant of the com- 
posite film, obtained by dispersing a fluorocarbon resin 

25 in a polyester film formed in the present invention, w z(Ff 
is a dielectric constant of the dispersed fluorocarbon 
resin and M e(E)" is a dielectric constant of the polyester 
resin. Additionally, M VF" is a volume ratio of the portion 
occupied by the dispersed fluorocarbon resin with re- 

30 spect to the entire film. 

[0062] Further, when at least one of the polyester res- 
in and the fluorocarbon resin that are to be combined 
has a porous structure, the dielectric constant of the film 
can be further reduced, and it is possible to configure 

35 the rotator having less power loss at the slot insulation 
part. At this time, when the porous structure is a foamed 
structure with closed cells, an effect of preventing the 
entry of liquid can be achieved, for example, when the 
rotator is used while being impregnated with a refriger- 

*o ant liquid or oil liquid. 

[0063] Further, in the present invention, it is suitable 
to use, as the low dielectric constant plastic film, a lam- 
inated composite film comprising a base film having a 
low dielectric constant and an auxiliary film having a di- 

*5 electric constant higher than the dielectric constant of 
this base film, because it improves the moldability. As 
such structure, for example, there are: the above-de- 
scribed laminated film comprising a polyester resin film 
and a fluorocarbon resin film; and a multilayered film 

50 comprising a porous polyester film having pores with a 
volume ratio of not less than 1 0 vol% and either one of 
a polyester film having no pore therein and a polyester 
film having a pore volume ratio of not more than 1 0 vol%. 
This structure enables the effect of reducing the leakage 

55 current at high frequency to be sufficiently exerted. Fur- 
ther, it is more effective to block the sides of the film for 
preventing the permeation of liquid substance into the 
gap. 
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[0064] As the material for the auxiliary film, it is pos- 
sible to use polyester resins, polystyrene resins such as 
a syndiotactic polystyrene and high impact polystyrene, 
polyamide resins such as Nylon 6 and Nylon 66, poly- 
imide resins, tluorocarbon resins, polyetherimide, poly- 
carbonate, polyphenylene oxide, polyphenylene sulfide, 
polytrifluorochloroethylene and the like. 
[0065] Also, the portion of the film either having no 
pore or having a porosity of not more than 1 0 vol% may 
also be a skin layer which is formed on a film, apart from 
a multilayered structure. In an applicable method to ob- 
tain such a layer, a skin film layer having gradually ar- 
ranged pore sizes is formed by clamping the both sur- 
faces of the film with a jig having smooth planes during 
the pore formation. 

[0066] Further, forthe slot insulation part of the rotator 
of the present invention, a multilayered film comprising 
a plurality of the above-described films may also be 
used. 

[0067] In addition, as the film member of the present 
invention, a polyester member having a gap may be 
used. For example, a woven fabric made of polyester 
fiber having a heat resistance at not lower than 100°C 
may be used as a gap forming member. In order to form 
a film, a gap may be formed, for example, by sandwich- 
ing the above-described member by regular polyester 
films having no gap. This makes it possible to obtain a 
slot insulation part having an excellent adhesion with the 
iron core portion, field coil and the like, high insulation, 
excellent moldability and high heat resistance tempera- 
ture. As such a member, for example, a woven fabric 
made of plastic fiber such as polyester mesh used for 
the screen printing may be used, and apart from this, it 
is possible to employ any structure capable of maintain- 
ing a space by using, as the support, polyester films 
sandwiching the both surfaces of the above-described 
member; for example, a polyester film having a gap pro- 
duced by irregularities formed thereon through emboss- 
ing or the like, and a structure filled with plastic particles, 
honeycomb structure, wave-form structure and zigzag 
structure. 

[0068] The refrigerant system device in accordance 
with the present invention is configured by combining 
the compressor of the present invention with a pipe, heat 
exchanger, expansion valve or capillary. Although the 
atmosphere of the working fluid in the compressor 
changes in pressure, temperature, the amount of the re- 
frigerant, the amount of the lubricating oil, the compo- 
nent ratio and the like depending on the operation of the 
system device, the effect of reducing the leakage cur- 
rent can be obtained in any operation mode. 

Example 1 and Comparative Example 1 

[0069] A porous polyester film of polyethylene tereph- 
thalate (PET) having a pore volume ratio of 30 vol% was 
used to form a film insulation part of a slot insulation 
part, at an iron core of a rotator having the same con- 



figuration as shown in Fig. 1 . Subsequently, a condens- 
er, expansion valve and evaporator were connected by 
means of pipes to a compressor employing this rotator 
as well as propane and a mineral oil as the refrigerant 
5 and lubricating oil, respectively, of the working fluid, 
thereby configuring a refrigerant system device ( Exam- 
ple 1). 

[0070] The film thickness was 350 um at this time, and 
the sizes of the pores were in the range of from about 5 
10 p.m to about 50 jim, whereas the mean pore size was 
about 10 p.m. In addition, the average specific dielectric 
constant of the film in the frequency range of from 60 
Hz to 100 kHz was about 2.5. 

[0071] The leakage current between the device and 
15 the ground during the operation of this refrigerant sys- 
tem device was measured for evaluation. 
[0072] In order to examine the effect of reducing the 
leakage current, a comparative refrigerant system de- 
vice (Comparative Example 1) as a reference system 
20 was configured in the same manner, except for using a 
pore-free PET film (film thickness of 350 pm, specific 
dielectric constant of about 3.2) for the film insulation of 
the rotator, as well as 1 ,1 ,1 ,2-tetrafluoroethylene (HFC 
134a) and a polyol ester oil as the refrigerant and lubri- 
25 eating oil, respectively, of the working fluid, and the de- 
vice was operated under the same conditions to meas- 
ure the leakage current for evaluation and comparison. 
[0073] With respect to the leakage current 1 00 in the 
reference system, the leakage current in the configura- 
30 tion of the present example was reduced to about 80, 
achieving an about 20% reduction. 

Comparative Example 2 

35 [0074] A refrigerant system device was configured in 
the manner as in Example 1 using a rotator employing 
the same low dielectric constant film as in Example 1 for 
the film insulation of the slot insulation part, except for 
using HFC 134a and a polyol ester oil as the refrigerant 

40 and lubricating oil, respectively, of the working fluid, and 
the device was operated under the same conditions to 
measure the leakage current between the device and 
the ground for evaluation. 

[0075] With respect to the leakage current 1 00 in the 
45 comparative reference system, the leakage current in 
the configuration of the present invention was reduced 
to about 95, yielding only an about 5% reduction. The 
reason was presumably that, although the low dielectric 
constant film produced some effect, the effect was not 
50 sufficiently achieved owing to the influence by the work- 
ing fluid. 

Example 2 

55 [0076] A refrigerant system device was configured in 
the same manner as in Example 1 , except for using a 
rotator employing a composite film obtained by laminat- 
ing three sheets of polytetrafluo methylene films each 



8 



15 EP 1225 334 A1 16 



having an average thickness of about 1 20 u,m to have 
the total thickness of about 360 urn for the slot insulation 
of a slot insulation pari, as well as carbon dioxide and a 
mineral oil as the refrigerant and lubricating oil, respec- 
tively, of the working fluid, and the device was operated 5 
under the same conditions to measure the leakage cur- 
rent between the device and the ground for evaluation. 
[0077] At this time, the specific dielectric constant of 
the film in the frequency range of from 60 Hz to 1 00 kHz 
was about 2.1 . 10 
[0078J With respect to the leakage current 1 00 in the 
comparative reference system, the leakage current in 
the configuration of the present example was reduced 
to about 65, achieving an about 35% reduction. 

15 

Example 3 

[0079] A laminated multilayered film, obtained by 
sandwiching a porous polyethylene naphthalate (PEN) 
film having a film thickness of 250 u,m, a specific dielec- 20 
trie constant of about 2.5 at a test frequency of 10 kHz 
and a porosity of 20 vol% by two sheets of PET films 
having a thickness of 1 0 pm, was used for the film insu- 
lation of the rotator. At this time, a specific dielectric con- 
stant of about 2.7 was obtained for the multilayered film. 25 
[0080] A refrigerant system device was configured in 
the same manner as in Example 1 , except for using a 
rotator employing this film for the film insulation of the 
slot insulation part, as well as isobutane and a mineral 
oil as the refrigerant and lubricating oil, respectively, of 30 
the working fluid, and the device was operated under 
the same conditions to measure the leakage current be- 
tween the device and the ground. At this time, the leak- 
age current was about 88 with respect to that of the com- 
parative reference system, achieving an about 12% re- 35 
duction in the leakage current. 

Example 4 

[0081] A multilayered composite film, obtained by 40 
sandwiching four sheets of polytetrafluoroethylene-eth- 
ylene copolymer (ETFE) films each having a film thick- 
ness of 20 u,m and a dielectric constant of 2.6 by five 
sheets of PEN films each having a film thickness of 30 
u.m and a dielectric constant of 2.9 in an alternating man- *5 
ner, was used for the film insulation of the rotator. The 
total film thickness was 230 u.m at this time, and the spe- 
cific dielectric constant was about 2. 8 at a test frequency 
of 1 kHz. It should be noted that forming the film into 
such a multilayered structure did not cause any extreme so 
rupture of the ETFE film during the processing in the 
manufacturing of the rotator. 

[0082] A refrigerant system device was configured in 
the same manner in Example 1 , except for using this 
rotator, as well as carbon dioxide and a mixture of a min- 55 
eral oil and an alkyl benzene oil as the refrigerant and 
lubricating oil, respectively, of the working fluid, and the 
device was operated under the same conditions to 



measure the leakage current between the device and 
the ground for evaluation. 

[0083] With respect to the leakage current 100 in the 
comparative reference system, the leakage current in 
the configuration of the present example was reduced 
to about 90, achieving an about 10% reduction. 

Example 5 

[0084] A polyester film having a film thickness of 350 
Mm and a pore volume ratio of 20 vol%, obtained by bi- 
axially stretching a PET film filled with foaming nucleus- 
es, was used. At this time, the specific dielectric con- 
stant of this film was about 2.8 at a test frequency of 1 
kHz. A refrigerant system device was configured in the 
same manner as in Example 1 , except for using a rotator 
employing this film, as well as propane and a polycar- 
bonate oil as the refrigerant and lubricating oil, respec- 
tively, of the working fluid, and the device was operated 
under the same conditions to measure the leakage cur- 
rent between the device and the ground for evaluation. 
[0085] With respect to the leakage current 100 in the 
comparative reference system, the leakage current in 
the configuration of the present example was decreased 
to about 90, achieving an about 10% reduction. 

Industrial Applicability 

[0086] As is clear from the above, the compressor of 
the present invention and the refrigerant system device 
using the same employ a nonpolar working fluid, in ad- 
dition to using a low dielectric constant plastic film hav- 
ing pores therein for the insulation part of the rotator, 
thereby making it possible to efficiently reduce alternat- 
ing current components in the leakage current in the 
compressor while maintaining the insulating property; 
accordingly it is possible to reduce the leakage current 
in the system device itself. As a result, it becomes pos- 
sible to reduce power loss and to provide a highly safe 
and reliable refrigerant system device. 
[0087] In response to the increasing use of highfre- 
quency electric and electronic equipment in the future, 
the present invention further promotes efficiency such 
as energy-savings while contributing to the realization 
of compactness and cost reduction, and therefore the 
present invention has a significant industrial value. 



Claims 

1. A compressor characterized in that a nonpolar re- 
frigerant is used as a working fluid and an insulation 
part of a rotating section is formed from a low die- 
lectric constant plastic film having a specific dielec- 
tric constant of 1 .2 to 3.0. 

2. The compressor in accordance with claim 1 , where- 
in said nonpolar refrigerant contains at least one of 
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propane and isobutane. 

3. The compressor in accordance with claim 1 , where- 
in said nonpolar refrigerant is carbon dioxide. 

5 

4. The compressor in accordance with claim 1 , where- 
in said working fluid contains a nonpolar oil as a lu- 
bricating oil. 

5. The compressor in accordance with claim 4, where- io 
in said nonpolar oil is a mineral oil. 

6. The compressor in accordance with claim 1 , where- 
in said low dielectric constant plastic film is a poly- 
ester film having pores therein. 15 

7. The compressor in accordance with claim 6, where- 
in said film has a pore volume ratio of 1 0 to 95 vol%. 

8. The compressor in accordance with claim 7, where- 20 
in said pores have a mean pore size of 0.1 to 1 0 urn. 

9. The compressor in accordance with claim 1 , where- 
in said low dielectric constant plastic film is a fluor- 
ocarbon resin film. 25 

. 10. The compressor in accordance with claim 6, where- 
in said low dielectric constant plastic film is a lami- 
nated composite film comprising a base film having 
a low dielectric constant and an auxiliary film having 30 
a higher dielectric constant than said base film. 

11 . The compressor In accordance with claim 6, where- 
in said low dielectric constant plastic film has a spe- 
cific dielectric constant of 2.0 to 2.8. 35 

12. The compressor in accordance with claim 1 , where- 
in said low dielectric constant plastic film forms at 
an iron core of said rotating section, an insulation 
part for insulating a field coil and a slot. *o 

13. A refrigerant system device comprising the com- 
pressor in accordance with claim 1 . 

45 
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FIG. 2 
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